A green phototrophic bacterium (strain JA737 T ), which was oval-to rod-shaped, Gram-negative and motile, was isolated from mud of a stream in the Western Ghats of India. Strain JA737 T contained bacteriochlorophyll a, and the major carotenoid was neurosporene. The major quinone was Q-10 and the polar lipids were phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminolipid, two unidentified phospholipids and five unidentified lipids. Phylogenetic analysis showed that the strain clustered with members of the genus Rhodobacter belonging to the family Rhodobacteraceae of the class Alphaproteobacteria. Based on 16S rRNA gene sequence analysis, strain JA737
The green phenotype mutants of Rhodobacter capsulatus accumulate neurosporene as the major carotenoid, in contrast to the wild phenotypes, which are yellowish brown due to the presence of spheroidene (Armstrong et al., 1990; Yoshida et al., 2007) . In this communication, we assign a naturally occurring green bacterium to a novel species of the genus Rhodobacter.
A mud sample was collected from a stream in Rottikadai Town near Anaimalai Hills in Western Ghats, Tamil Nadu, India (10u 359 N 76u 979 E) on 28 June 2009. Strain JA737 T was recovered from an enrichment in photoheterotrophic medium (Lakshmi et al., 2011a; pH 7.0) incubated at 2400 lx, 28-30 u C for 7 days in a 50 ml fully filled screwcapped bottle. Basal medium with sodium pyruvate (22 mM), yeast extract (0.15 %, w/v), Casamino acids (0.15 %, w/v) and ammonium chloride (7 mM) was used for the growth of the strain, which was purified on agar slants as described by Lakshmi et al. (2011a, b) .
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of strain JA737 T , as determined by reversed-phase HPLC (Mesbah et al., 1989) , was 66.4 mol%. Cell material for 16S rRNA gene sequencing was taken from a colony. DNA was extracted and purified by using a genomic DNA extraction kit (Qiagen). Recombinant Taq polymerase (Genei) was used for PCR. An almost-complete length of the 16S rRNA gene sequence was obtained by sequencing with primers F9-27 (59-GTTTGATCCTGGCTCAG-39) and R9-1489 (59-TACCTTGTTACGACTTCA-39) (positions 11-27 and 1489-1506, respectively), according to the Escherichia coli 16S rRNA numbering system of the International Union of Biochemistry (Brosius et al., 1978; Lane et al., 1985) . PCR amplification was performed as described elsewhere (Imhoff & Pfennig, 2001; Imhoff et al.,1998) and 16S rRNA gene sequences were obtained (without gene cloning) by cycle sequencing with a SequiTherm sequencing kit (Biozym) and the chain-termination reaction using an automated laser fluorescence sequencer (Pharmacia). The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the NCBI BLAST search tool (Altschul et al., 1990) (Tamura et al., 2007;  http://www. megasoftware.net/mega4) was used for sequence alignment, and MEGA 4 software was also used for phylogenetic analysis of the individual sequences. Distances were calculated by using the Kimura correction in a pairwise deletion manner (Kimura, 1980) . The neighbour-joining, minimum-evolution and maximum-parsimony methods in the MEGA 4 software package were used to construct phylogenetic trees. Percentage support values were obtained using a bootstrapping procedure. The neighbour-joining tree ( Fig. 1) showed that strain JA737
T formed a distinct lineage within the genus Rhodobacter. The highest 16S rRNA gene sequence similarities for strain JA737
T were found with R. capsulatus ATCC 11166 T (98.8 %), R. maris JA276 T (97 %), R. aestuarii JA296 T (96.7 %) and other members of the genus Rhodobacter (,96 %). The minimum-evolution and maximum-parsimony trees showed similar topologies (data not shown). It is clear from Fig. 1 that there is a large divergence among the members of the genus Rhodobacter, with many interspersing chemotrophs. The situation became more complicated with the reclassification of a phototrophic member, Rhodobacter changlensis (Anil , into a chemotrophic genus, Catellibacterium, as Catellibacterium changlense (Zheng et al., 2011) . This also raises the question as to whether phototrophy can be accepted as a genus-specific character (Imhoff & Caumette, 2004) .
The relationships between strain JA737 T and R. capsulatus DSM 1710 T , R. maris JA276 T and R. aestuarii JA296 T were examined by DNA-DNA hybridization using a membrane filter technique (Tourova & Antonov, 1988 ) and a nick translation kit (BRIT, Jonaki, CCMB campus, Hyderabad). Hybridization was performed with three replications for each sample (control: reversal of strains for labelling and binding). a-P 32 dCTP was used for labelling the probe. DNA immobilized on nylon membranes was probed with labelled DNA and then exposed to a phosphor-imaging screen (Amersham Biosciences). The phosphor-imaging screen was scanned and quantified using a Typhoon (3480) variable mode imager. The DNA-DNA relatedness value was calculated according to the formula: % relatedness5 (counts obtained from heterologous hybridization/counts obtained from homologous hybridization)6100. When strain JA737
T was radioactively labelled, DNA-DNA relatedness values between strain JA737
T and R. capsulatus DSM 1710 T , R. maris JA276 T and R. aestuarii JA296 T were 42, 22 and 25 %, respectively. However, when R. capsulatus DSM 1710 T , R. maris JA276 T and R. aestuarii JA296 T were labelled and used for DNA-DNA hybridization with strain JA737 T in reciprocal reactions, DNA-DNA relatedness values were 55, 37 and 38 %, respectively.
Morphological properties (cell shape, cell division, cell size, flagella) were observed under a phase-contrast light microscope (BH-2; Olympus). Cells of strain JA737
T were motile, oval-to rod-shaped, 2-2.5 mm long and 0.5-1.2 mm wide (Fig. S1a, available in IJSEM Online), and multiplied by binary fission. The internal membrane structures were viewed with a transmission electron microscope (H-7500; Hitachi) after the cells had been processed as described by Hanada et al. (2002) . Strain JA737
T had a vesicular type of internal membrane structure (Fig. S1b) .
The colour of the photosynthetically grown cell suspension of strain JA737
T was green. In vivo absorption spectra of strain JA737
T in sucrose solution, as measured with a Spectronic Genesys 2 spectrophotometer (Trüper & Pfennig, 1981) , exhibited maxima at 377, 456, 482, 590, 803 and 860 nm (Fig. S2a) , confirming the presence of bacteriochlorophyll a. The carotenoid composition, as determined by C 18 -HPLC analysis (Ramana et al., 2010) confirmed the presence of neurosporene as the only major carotenoid (98 %) in strain JA737
T . Strain JA737 T and R. capsulatus DSM 1710
T differed in the light-harvesting complexes (Fig. S2b) , as analysed after sucrose gradient ultracentrifugation (34,000 r.p.m. for 16 h at 4 u C; Hu et al., 1996) . The absorption and fluorescence emission spectra of the reaction-centre light-harvesting complex 1 (Fig. S3 ) and light-harvesting complex 2 (Fig. S4 ) of both strains supported the differences between them.
Strain JA737
T grew at pH 6.0-9.0 (optimum, pH 6.5-8.0), and grew photoorganoheterotrophically with a number of organic carbon sources (Table 1) . Photolithoautotrophy [anaerobic, in the light (2400 lx), with H 2 (20 %, v/v) and NaHCO 3 (0.1 %, w/v)] and chemoorganoheterotrophy [aerobic, in the dark, with pyruvate (0.3 %, w/v)] were also observed. Chemolithoautotrophy [aerobic, in the dark, with Na 2 S 2 O 3 .5H 2 O (1 mM) and NaHCO 3 (0.1 % w/v)] and fermentative growth [anaerobic, in the dark, with pyruvate/glucose (0.3 %, w/v)] could not be demonstrated in strain JA737
T . Vitamin requirement was tested by replacing yeast extract with single and also combinations of vitamins as growth factors, and strain JA737
T required thiamine as a growth factor.
For testing carbon source utilization, formate, propionate, butyrate, caproate, valerate, lactate, glycerol, methanol and ethanol were tested at a concentration of 0.1 % (v/v); other compounds were tested at 0.3 % (w/v). Substrate utilization for growth under photoheterotrophic conditions by strain JA737
T is shown in Table 1 . For testing sulfur sources, MgSO 4 . 7H 2 O was replaced by MgCl 2 . 5H 2 O (0.2 %) and sulfur sources (sodium sulfide, sodium thiosulfate, sodium thioglycolate, cysteine, magnesium sulfate, sodium sulfite, all at 0.5 mM). Sulfate, thiosulfate, elemental sulfur and cysteine were used as a sulfur source by strain JA737
T . Nitrogen source utilization was tested by replacing ammonium chloride with different nitrogen sources at 0.06 % (w/v). Strain JA737
T could grow with ammonium chloride, glutamate, glutamine nitrate, urea, aspartate and N 2 as nitrogen sources, while nitrite and asparagine did not support growth.
The polar lipid profile was analysed by extracting polar lipids with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) from 1 g freeze-dried cells as described by Kates (1986) . Separation of lipids was achieved by two-dimensional chromatography on a silica gel TLC plate (Kieselgel 60 F254; Merck) using chloroform/methanol/water (75 : 32 : 4, by vol.) in the first dimension and chloroform/methanol/ acetic acid/water (86 : 16 : 15 : 4, by vol.) in the second dimension (modified after Tindall, 1990a, b; Oren et al., 1996) . Total polar lipids were detected by spraying with 5 % ethanolic molybdophosphoric acid and further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates), Dragendorff's reagent (for quaternary nitrogen) or anaphthol (specific for sugars) (Kates, 1972; Oren et al., 1996) . Phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminolipid, two unidentified phospholipids and unidentified lipids 1 and 2 were the major polar lipids, and minor amounts of unidentified lipids 3, 6 and 7 were also detected in strain JA737 T (Fig. S5 ). Q-10 (.98 %) was the major quinone of strain JA737 T, as analysed by HPLC after extraction with chloroform/methanol (2 : 1, v/v) and separation by TLC (Imhoff, 1984; .
For cellular fatty acid analysis, a photoheterotrophically grown culture was harvested when growth was about 70 % of its maximal optical density. Bacterial cells (40 mg) were subjected to a series of four different reagents followed by saponification and methylation of fatty acids, thus enabling their cleavage from lipids. The fatty acid methyl esters obtained were analysed by a gas chromatograph (6850; Agilent) equipped with Sherlock MIS software version 6.0 (Microbial ID; MIDI) and RTSBA6 database for peak identification (Sasser, 1990; revised February 2001, www. midi-inc.com ). The peaks obtained were then labelled and the equivalent chain length (ECL) values were computed by the Sherlock software. The analysis was outsourced through Royal Research Laboratories, Secunderabad, India. C 18 : 1 v7c, C 18 : 1 v5c and summed feature 3 (C 16 : 1 v6c and/ or C 16 : 1 v7c) were the major fatty acids, while C 10 : 0 3-OH, C 16 : 0 , C 17 : 0 10-methyl and C 18 : 0 were present in minor amounts in strain JA737 T (Table 1 ). The major fatty acid C 18 : 1 v5c was absent or only present in trace amounts in the reference strains.
Apart from the differences in fatty acids, there were other differences between strain JA737
T and the reference strains (Table 1 ). In particular, compared with R. capsulatus DSM 1710 T , strain JA737
T differed in capsule formation, pH range for growth, utilization of organic substrates, carotenoid composition, colour of the cell suspension, whole-cell absorption spectra (Fig. S2a) , light-harvesting complexes (Figs. S3 and S4 ) and polar lipids (Fig. S5) .
Rhodospirillum rubrum ATCC 11170 T (CP000230)
Paracoccus isoporae SW-3 T (FJ593906)
Rhodobaca bogoriensis LBB1 T (AF248638)

Rhodobaca barguzinensis VKM B-2406 T (EF554833)
Rhodobacter veldkampii ATCC 35703 T (D16421)
Rhodobacter blasticus ATCC 33485 T (DQ342322)
Haematobacter missouriensis CCUG 52307 T (DQ342315)
Haematobacter massiliensis CCUG 47968 T (DQ342309)
Rhodobacter capsulatus ATCC 11166 T (D16428)
Rhodobacter vinaykumarii JA123 T (AM408117)
Rhodobacter aestuarii JA296 T (AM748926)
Rhodobacter maris JA276 T (AM745438)
Catellibacterium nectariphilum AST4 T (AB101543)
Catellibacterium changlense JA139 T (AM399030)
Catellibacterium aquatile A1-9 T (EU313813)
Gemmobacter aquatilis DSM 3857 T (FR733676)
Pseudorhodobacter ferrugineus ATCC 25652 T (D88522)
Rhodobacter ovatus JA234 T (AM690348)
Rhodobacter azotoformans KA25 T (D70846)
Rhodobacter sphaeroides ATCC 17023 T (X53853)
Rhodobacter johrii JA192 T (AM398152)
Rhodobacter megalophilus JA194 T (AM421024) Rhodobacter viridis sp. nov. Based on the phenotypic and genotypic evidence, strain JA737 T represents a novel species of the genus Rhodobacter, for which the name Rhodobacter viridis sp. nov. is proposed.
Description of Rhodobacter viridis sp. nov.
Rhodobacter viridis (vi9ri.dis. L. masc. adj. viridis green, referring to a green bacterium).
Cells are rod-to oval-shaped, 2-2.5 mm long and 0.5-1.2 mm wide, motile and multiply by binary fission. Anaerobic growth occurs with light. Internal photosynthetic membranes are vesicular. Phototrophic cultures are green. The photosynthetic pigment is bacteriochlorophyll a, and the major carotenoid is neurosporene. Optimum growth occurs at pH 6.5-8 (range, pH 6-9) and at 30 u C. NaCl is not required for growth. Photoheterotrophy with a few organic compounds is the preferred growth mode. Growth occurs on propionate, butyrate, caproate, caprylate, lactate, pyruvate, glucose, sucrose, fructose, mannitol, yeast extract and sorbitol, but not on malate, formate, acetate, citrate, fumarate, tartrate, valerate, succinate, 2-oxoglutarate, benzoate, aspartate, pelargonate, methanol or ethanol. Photolithoautotrophy is possible with H 2 as the electron donor. Chemoorganoheterotrophy is possible. Thiamine is required as a growth factor. C 18 : 1 v7c, C 18 : 1 v5c and summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c) are the dominant fatty acids; minor amounts of C 10 : 0 3-OH, C 16 : 0 , C 17 : 0 10-methyl and C 18 : 0 are also found. The major quinone is Q-10. The polar lipids are phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminolipid, two unidentified phospholipids and five unidentified lipids. The natural habitat is aquatic sediment.
The type strain, JA737
T (5KCTC 15167 T 5MTCC 11105 T 5NBRC 108864 T ), was isolated from mud of a stream in Rottikadai Town near Anaimalai Hills in Western Ghats, Tamil Nadu, India. The DNA G+C content of the type strain is 66.4 mol% (HPLC).
